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PREFACE

Program VARMAG 1is written in ANSI standard FORTRAN-77, using calls
standard to the VAX-11 VMS operating system |for opening and closing files.
All data files manipulated by VARMAG are requilred to be in USGS standard grid
format (Appendix A). Areas of incomplete data in those files are flagged by
. the maximum available VAX-11 floating point §ﬁmber of hexidecimal ffff7fff.
. - Command files are in FORTRAN namelist format using $parms and $ as delimiters.

Full use of this computer method requires the additional application of a
computer program that will calculate the magnetic anomaly over digital
topography. The program PFMAG3D by Blakely (1981) is recommended.

The algorithms in both VARMAG and PFMAG3% cannot handle areas of flagged

data. However, VARMAG has an option that fillls these areas with extrapolated
data before execution.
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INTRODUCTION

Magnetic terrain effects are defined to be the magnetic effects of the
contact between air and an irregular, magnetized topographic surface. They
can be calculated by applying a distribution of magnetization to a slab whose
top surface is defined by topography, and whose bottom surface is at a
constant level just below the lowest topographic elevation. :Traditionally,
_terrain effects have been recognized on aeromagnetic anomaly maps by their
~correlation with the shape of terrain.

Terrain effects are not of interest to aeromagnetic interpreters when
they obscure the magnetic effects of magnetic bodies of interest in the
subsurface of near-surface. However, the removal of terrain effects from
aeromagnetic data has been a long-standing prohlem.

A new terrain-correction method was developed by Grauch (1985 and 1986)
that finds a varying distribution of magnetizations for topography. It is
based on the premise that sources of interest| (target sources) are generally
geometrically unrelated to terrain; that 1is, |the terrain-corrected residual
(original anomaly data minus theoretical terrain effects) should have minimum
correlation with calculated magnetic effects of terrain using a constant
magnetization (synthetic terrain effects). An initial magnetization J, is
chosen to calculate a residual for one small window of gridded data. If the
correlation (damped in areas of 1low-relief) between this residual and
synthetic terrain effects is below a certain threshold, Jy is assigned to the
center grid point of the window. Otherwise, the method calculates a new
magnetization that gives the residual that has least correlation with
synthetic terrain effects. This calculation 1is equivalent to finding the
magnetization for synthetic terrain effects |that gives a best fit to the
original anomaly data by a least-squares or linear regression procedure. The
new magnetization is assigned to the center grid point of the window, then the
method begins evaluating the next window, shifited one grid point over. After
assigning values for windows covering the entfire grid, the resulting grid of
variable magnetization values are used with topography to calculate a
magnetic-terrain correction.

The method is fairly successful at isjolating the general shape and
location of target anomalies. It 1is especially successful in recovering
short-wavelength anomalies. In some places, cpincidental correlations between
the shape of the terrain effects and target| anomalies cause the method to
consider portions of the target anomalies as |terrain effects. Overly strong
magnetizations may be assigned to these areas, and target anomalies may either
be entirely removed (when the magnetization has normal polarity) or they may
be overemphasized {when the magnetization has!Yevetsed polarity).

Comparison of similar results from linear-filtering methods and methods
that use the effects of uniformly magnetized |terrain prove the new method to
be generally superior. The previously develdped methods work better only in
situations where either target anomalies have much longer wavelengths than
terrain effects or where magnetization is fairly uniform over a large area.




THEORY

Suppose terrain 1in an area has a characteristic magnetization
distribution J,a function of ©position within the volume between the
topographic surface and some arbitrary, fixed depth below (within the
topograph;g_slab). Then terrain effects are represented by

v Lot av (1)

4 IH)

where T 1is a unit vector in the direction of the Earth's field, T 1is the
vector between the observation point (x,y,z) above the terrain and a point
interior to the topographic slab, V is the del operator, defined as

%ﬁ'ﬁ + %?.§ + & z , and the integration is performed over the topographic
slab.

fvolume

Consider a small area of esgentially constant magnetization in the
direction of the Earth's field ( J t ), where the scalar J is characteristic
of the topography. (The assumption that the magnetization is colinear with
the Earth's field is reasonable for many geologlc areas and greatly simplifies
all following discussions and calculations.) Then equation 1 becomes

I [ yolume V(T+V( T%T)).% dv .

Define t(x,y,z) as the volume integral. Then t(x,y,z) 1is a geometrical
representation of the topography that will remain fixed during the analysis
for different J's. The values of t(x,y,z) are equivalent to those of
synthetic terrain effects calculated with a magnetization of 1.0. In gridded
form, t(x,y,z) can be represented for the set of all grid points {(i,j)} as

{ty5).

The original, gridded aeromagnetic data {fii} in this small area can be
represented by :

£15 = Jtgy + wyiy, (2)

where {w, .} represents the target anomalies. J and {w,,} are unknowns. An
arbitrary “estimate of J, called J,, gives a residual {Sij as

s = f -J

13 13 ot1j ° (3)

where {J ti'} represents synthetic terrain effects calculated with
magnetizatQOnJJo. Substituting equation 2 in 3 gives

813 = wij + (J-Jo)tij . (4)
It is now evident that the closer J; is to J the more {sij} represents {Wij}'

The correlation coefficient calculated between {s,.} and {J~t,:}
ij 0-1j
simplifies to

PUOT] Gy 1T (e 0
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(see Till, 1974, for example). Assume that {w,,} has no relation to terrain;
then it will not correlate with synthetic teryain effects {Jbt j}. If Jgy 1is
approximately equal to J then {si } will be a [good estimate of %Wi } and will
also have no correlation with {JO i.}. If Jo |is much different from J,

{si } will still have a terrain comﬂonent and so will correlate with

{Jolij}. Thus equation 5 can assess the accuracy of the estimate J,.

. In practice, this correlation coefficient effectively assesses the
. accuracy of Jj where the variance of {t1 } is high, and poorly otherwise, for
example, in wide valleys where topogrékhy s smooth. Synthetic terrain
anomalies of these valleys are also smooth (Figure 1). If a target source
below the valley produces a large positive anomaly (Figure 1), common sense
tells us that it is unrelated to terrain effects. Any reasonable choice of Jo
for the valley would give a residual {Sij} hat 1s close in shape to the
original anomaly because {t .} is near - zdro. However, a correlation
between {Si'} and {J.t..} wo&fd be close to -1, an indication that the
residual 1¢ related to rrain. That assessment is mathematically correct,
but impractical.

In order to reduce the magnitude of the dorrelation coefficient in areas
where topography is smooth, an empirical factor is introduced. Variation in
topography 1is measured by a normalized horizontal-gradient magnitude
of {tij} . The horizontal-gradient magnitude of t(x,y,z) is calculated as

vty | =/ (38)2 + (38) .

For gridded data, the partial derivatives at grid point (i,j) are estimated as
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where Ax and Ay are the grid intervals in the x- and y directions,

respectively. The normalized horizontal-gradient magnitude {gij}’ is
calculated by

ey
By = T, (6)
'Vtij'
where ‘Vti | is the average horizontal-grigient magnitude for the whole
grid. When:kopography is steepest, the magnitude of {g,.} is very large; when

topography 1is broad, {g j} is near zero. The damping fgétor incorporates
{g,.} in an exponent:iai term; the modified correlation coefficient at grid
poi;t (p,q) is

-g

. Pq

= (1- r_ . 7

Tpg = (I "1, )

The new r’ , referred to as the damped correlation coefficient, still has a
value bet¥den -1 and 1, but is forced by the damping factor to near-zero
values in areas of relatively smooth topography.




/buried source anomaly

\synthetic valley effects

FIG. 1 ~- Schematic diagram of a buried-source anomaly associated with but
unrelated to an essentially featureless, broad valley. Synthetic
terrain effects of the valley remain near zero for most reasonable
magnetizations of the valley, so that the residual of original data
minus theoretical terrain effects would always be approximately
equal to the buried source anomaly. However, the correlation
coefficient would indicate that the residual and the synthetic
valley effect are strongly inversely correlated, an undesirable
result.
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The method uses the damped correlation co%fficient to assess the accuracy
of Jy for a window of gridded data. 1If J, is close to J or topography is
smooth, r°’ will be near-zero. The user chooses a value of r” , a correlation
threshold, " below which the correlation between {sij} and fgi-} is assumed
negligible. If ¢~ is below the threshold, Jo 1s assigned to tgxe center grid
point of the winddw and the method begins calculation for the next window,
shifted one grid point over. The choice of |correlation threshold and this
initial step of determining where the initijal magnetization 1is acceptable
"gives the user greater flexibility in preventing the method from changing an
"initial magnetization that is a good estimate for most of the area. These
options can also help restrain the method's |tendency to overcompensate for
terrain where terrain effects correlate with target anomalies. This aspect of
the method is discussed at length in Grauch (1986).

When J, is not close to J and topography is not smooth, r. will exceed
the correlation threshold, and the method must know how to cHobse a better
estimate of J. Assuming again that {Wi'} is unrelated to terrain, we can
solve for J using equations 2 and 5. Substituting {Wij} for {sy;} in equation
5 gives the correlation between {Wi'} and { Otij}’ which is ‘assumed to be
minimum; that is, the correlation coegficient s zero. Further substituting
{fij - Jtij} for {Wij} (from equation 2) and setting the results to zero gives

) (fij - gty -F+ J")(t:ij -1
0 = 1] .
_ . 2 2 4 1/2
[ gg(fij Ity £+ JD gji(tij D]

Solving for J gives the value for the center point (p,q) of the grid as

J1 (- B (e- D)

g =14 — (8)
ole] 22(': "t)
{3 U
The method assigns the value calculated by equation (8) to the center grid
point (p,q) of the window, then begins calculation on the next window, shifted
one grid point over. The steps of the method for one window are summarized in
Figure 2.

Equation 8 is the same as the linear regression equation that determines
the slope of the best-fit line relating {f1 } and {t,.} (see Till, 1974, for
example). The method is thus similar to Jrévious igast—square fit methods
except that the linear regression equation is | calculated for one small window
of data at a time. The product of the method is a grid of variable
magnetization, instead of one magnetization for the entire grid. The
magnetization grid can be applied to a topographic model, using the program of
Blakely (1981), for 1instance, to calculat theoretical terrain effects.
Alternatively, the magnetization grid ca be wused 1like an apparent
susceptibility map, although its characteristic magnetizations are only valid
for regions of highly-varying topography. Magnetizations where topography is
smooth will mostly reflect the initial Jo value because the damped correlation
coefficient is near zero there.




Calculate Jgtj;

!

Calculate sij = fij - JOtij

Y

Calculate r' between sjj and Jot;;

assign Jg to center
yes = grid point and continue
to next window

r' < threshold ?

no

3

Calculate Jy by least—-square
fit between t;; and f;;

'

assign J4 to center
grid point and continue
to next window

FIG. 2 -- Flow chart of the method for one window of gridded data. J, is the
initially chosen constant magnetization, ty; stands for the values
of the geometric representation of terrain in the magnetic
calculation, fij represents the values of the original aeromagnetic
data, and r' "is the damped correlation coefficient (r'pq) of
equation 7. J; is calculated by equation 8.



IMPLEMENTATION

In practice, the steps followed in the variable-magnetization terrain-
| correction method incorporate several existing computer programs as well as
" new code for the calculation of the variable magnetization. In order to get a

terrain-corrected residual, the following sequebce is followed:

1. Calculate synthetic terrain effects from digital topographic data and

an initial magnetization;

2. Calculate damping factors from synthetlic terrain effects;

3. Subtract synthetic terrain effects fram the original anomaly data to
get a first residual;

4, Test residual for correlation with synthetic terrain effects;

5. Calculate magnetization from equation 8 if necessary to obtain a
variable-magnetization grid;

6. Calculate theoretical terrain effects |from the variable-magnetization
grid; and

7. Subtract theoretical terrain effects firom the original anomaly grid
to get the terrain-corrected residual.

The computer implementation of steps 1, 3, 6,/ and 7 are briefly described in
this section. The program VARMAG, which incorporates steps 2-5, will be
discussed at length. The computer code is listed in Appendix C.

Synthetic and theoretical terrain effects| are calculated for steps 1 and
6 using the computer program of Blakely (1981) that implements the algorithm
of Parker (1972). This algorithm calculates magnetic anomalies on a constant
level over sources with undulating surfaces by summing a convergent series of
Fourier transforms that involve terms in magnetization and powers of the top
and bottom surface elevations of the source. For the terrain-correction
method, topography, represented by a slab whose top surface is defined by
topography and whose bottom is the level of the lowest topographic elevation,
is the source with the undulating surface.

The Blakely computer program does not| allow calculation of terrain
effects onto an irregular surface. Thus thé high resolution obtained from
draped surveys flown close to the ground is not utilized. Development of a
computer program to calculate terrain effects on a draped surface would
greatly enhance the resolution of terrain-corrected residuals.

Calculation of a residual (steps 3 and 7) simply requires subtraction of
the synthetic or theoretical terrain effects from the original anomaly data.
In practice, the mean 1is normally removed from both data sets before
subtraction to ensure that the residual values also have zero mean. The
residual anomaly shapes and relative magnitudes will remain the same in any
case.

The remaining steps of the method (steps 2-5) constitute the program




VARMAG. The computer code for each of the steps 1is essentially a direct
application of the equations presented in the section on theory. The damping
factors d q are calculated from the normalized horizontal-gradient magnitude
Epq (equagion 6) as

dpg = 1 - e 8P4

’

Pq

using the approximations for the derivatives as described in the previous
section, For convenience, the computer program actually uses synthetic
- terrain effects {Jyty:} to calculate the normalized gradient {gy4} rather than
{ty;} itself. Note t%at the constant J,; cancels out when {Jotij is used in
equation (6) instead of {tij}. The output is a grid of damping factors that
are independent of constant Jp. New damping factors must be calculated only
when {ti } is changed; that is, when a different topographic area is used or
when the assumed direction of magnetization is changed.

The correlation between the synthetic terrain effects and the residual is
calculated for one window using equation 5. The window length is determined
by the user but must be an odd number so that the exact center of the window
falls upon a grid point. Calculations are only made for a full window of
data. Therefore, correlation coefficients are not calculated for a boundary
about half-a-window wide around the grid, and subsequently magnetizations are
not assigned there (figure 3).

The correlation coefficient calculated for the center point of each
window 1s multiplied by the corresponding damping factor to give the damped
correlation coefficient. Following the procedure shown 1in figure 2, the
magnitude of the damped correlation coefficlent 1s compared to a user-given
correlation threshold. If 1t 1s below the threshold, J, is assigned to the
center point. If not, a new J; is calculated by equation 8 and assigned to
the center point. Calculation then begins on a new window of data, shifted
one grid point over. The overlapping windows eventually cover the entire
grid.

VARMAG includes an option to extrapolate data into irregular areas of
missing data using a minimum curvature algorithm by Briggs (1974), as coded by
Webring (1981). The boundary of missing data in magnetization grids produced
by the method is filled (flagged) with a large floating point number. At this
point, VARMAG can either trim off the boundary so the grid is a smaller size,
or fill in the boundary with extrapolated data using the minimum curvature
algorithm. In any case, no flagged values can be present when
calculating theoretical terrain effects with PFMAG3D or when using the
terrain—-correction procedure of VARMAG.

Execution of VARMAG

VARMAG can be run interactively or with a command file. It is organized
in terms of functions; each function has specific parameters, input, and
output associated with 1it. Following 1is a 1list and brief description of
available functions. Only the first two letters of the function name are
recognized by the program. -

dfactor - calculates damping factors.



i i
[
o 6 & o o
®

FIG. 3 -- Diagram of a grid showing which grid points will be flagged in the
output magnetization grid. Dots represent grid points; grid is 8
columns by 7 rows (small size for illustration- only). Squares
around the dots indicate which points will have magnetization values
assigned. Solid 1line 1indicates the current position of a

5 x 5 window. Note the 2-grid-point boundary of flagged values
around the entire grid.




correction - runs terrain-correction procedure (tests damped correlation
coefficients and uses regression equation to assign magnetization if
necessary) .

plug - "plugs” flagged areas of missing data using minimum curvature to
extrapolate.

trim - trims off flagged boundary from magnetization grids.

output =~ saves output grids of damping factors and/or of damped
correlation coefficients.

input - inputs file of saved damping factors to the program.
residual - subtracts theoretical terrain effects from original anomaly
data. (The theoretical terrain effects must be calculated separately

using Blakely's (1981) PFMAG3D program.)

save - save all known parameters for terrain correction in a new command
file.

change - change terrain-correction parameter values.

edit - edit or create magnetization grids for input.

jxfile - input areas of magnetization that remain fixed during terrain
correction (areas where magnetization is fairly well known, for

instance) .

mean - remove mean from input grid. Recommended before terrain
correction,

type - type values of parameters.,
list - quick list of functions available.
help - brief description of functions and where to get help.

Function Descriptions

A few of the functions that are not self-explanatory will be discussed
briefly.

dfactor and output. The interactive function dfactor calculates damping
factors from input synthetic terrain effects. The function output should be
used afterwards to save the damping factors for later use. Function output
can also save the damped correlation coefficients if desired.

correction. This function calculates the wvariable magnetization grid.
Damping factors must be calculated before employing this function. An ASCII
command file containing the input filenames and parameters 1is optional.
Parameters that are not givem in the command file will be asked for during
execution. If a prompt for a filename is repeated after the filename was
given, it means an error in opening the file occurred. Parameters recognized

10
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in the command file are as follows.

mfile

ntfile

dfile

jOofile

jxfile

xJO

nwind

thresh

xJmin

xJmax

jfile

edit.

name of original anomaly grid, enclosed in single quotes.

name of synthetic terrain effects grid,

quotes.

name of grid of damping factors,
necessary
run of the program.

(optional) name of grid
magnetizations (emu/ec),
normally recommended.

en

enclosed in single

enclosed in single quotes. Not

if function dfactor was employed in the current

initial
Not

containing variable
rlosed in single quotes.

(optional) name of grid definingLareas of magnetization that are

already known and therefore

constant initial magnetization
used to calculate the synt
essential that this indeed
calculate the data in mnmtfi

in emu/cc (10"3 emu/cec =

hould remain fixed.

1 A/m)
hetic terrain effects. It is
was the magnetization used to
[1le. It is not necessary to

specify xJO if jOfile is used instead.

window length on one side in nu
odd number not greater than

ber of grid points. Must be an

l.

correlation threshold below which the damped correlation between

the residual and

negligible.

(optional) minimum magnetization
grid.

xJmin is assigned to the center point of the window.

synthetilc

If a calculated magnetization is below xJmin,

terrain effects 1s assumed

allowed in output magnetization
the
Useful

if it is known that no rjocks in the area are strongly

reversely magnetized.

(optional) maximum magnetization
grid, analagous to xJmin.

allowed in output magnetization

name of output magnetizatioL grid, enclosed 1in single

quotes. The values will be

in emu/cc.

This function allows the user t

file for input to the terrain-correction

magnetizations,

a grid of magnetizations ¢t

create or edit a magnetization
rocedure. . A grid of initial
remain fixed during terrain-

correction, or a grid of output magnetizations to be edited can be changed by

defining polygonal areas having specific magnetizations.
magnetization of a certain,

widespread geologic unit is well known,

For instance, if the
the

outcrop pattern can be defined as a polygonal area whose vertices can be
digitized. The known area of magnetization can then be edited into an already
existing variable-magnetization grid, or it can be used as input to the method
to indicate an area where the magnetization should not be changed.
Alternatively, the file can be used as a grid of initial magnetizations; but

11




this is only useful for piecewise-constant areas of magnetization because the
derivation of the method depends on Jy being constant. A command file and a
vertex file, defining the vertices o? the polygonal areas, are required as
input. The following parameters are acceptable in the command file, although
the program will prompt for any missing parameters except narea; narea is
required in the command file.

narea number of polygonal areas to be defined.

vfile name of ASCII file (enclosed in single quotes) containing x,y
coordinate pairs describing all the vertices of every polygon.
There should be one x,y pair per line in the same units as the
grid (for example, UTM projected meters).

iopt parameter describing option desired:

1 - create a jxfile
2 - create a jOfile
3 - edit an existing magnetization grid.

jxfile name of a file (enclosed in single quotes) to be edited or
created that contains areas of magnetization that remain fixed
during terrain correction.

jOfile name of file (enclosed in single quotes) with piecewise-constant
areas of different initial magnetizations to be edited.

JO for use when creating a jOfile. Unspecified areas will be
assigned this value.

title title to be given to output grid, enclosed in single quotes.

At the end of the command file the polygonal areas are defined by referencing
the order in which vertices appear in the vertex file. For example, figure 4
shows two polygonal areas, their vertices numbered according to the order they
appear in the vertex file. Area A 1s defined by 1listing the vertices in
clockwise order, 1, 2, 8, 3, 4, 5, 6, 7, without repeating the first vertex.
Similarly, area B is defined by vertices 3, 8, 9, 10, 11, 12, Three lines of
information per area are required at the end of the command file. The first
line gives the magnetization to be assigned to the area. The second line
gives the number of vertices used to define the area. The third line lists
the vertex numbers in the proper order, as described above.

When creating a jOfile, unspecified areas will be assigned the value JO,
given by the user. When creating a jxfile, unspecified areas will be assigned
flagged values. When editing, unspecified areas remain unchanged.

PRACTICAL CONSIDERATIONS

In light of the empirical nature of choice of method parameters, terrain-
corrected residuals should be calculated for several different combinations of
parameters. This section describes how to make the first choices of initial
magnetization, window size, and correlation threshold; and recommends ways to
change the parameters during testing. Detailed testing of the method is

12
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FIG. 4 —— Illustration of definition of polygonal areas by specifying the
order of the vertices. A vertex file has the vertices of areas A
and B listed in the order designated by the numbers in the figure.
The areas are defined by specifying the vertices by order number in
clockwise order. Area A is defined by 1, 2, 8, 3, 4, 5, 6, 7. Area
B is defined by 3, 8, 9, 10, 11, 12.

13




presented in Grauch (1986).

Effect of Window Size

Window size should reflect the smallest square area in which the
characteristic shapes of terrain are represented. This size can be determined
by inspection. It may be worthwhile to also test various window sizes by
applying the method to the magnetic effect of the terrain of the study area

-calculated with an arbitrary, known magnetization distribution. The terrain-
corrected residual in this case should be zero everywhere. The window size
can be changed until the terrain-corrected residual of the calculated terrain
effects 1s closest to zero.

Figure 5 illustrates the effect of different window sizes. Figure 5A
shows terrain effects from a hypothetical area. They were added to the target
anomaly of Figure 5B to give hypothetical original data (Figure 5C). The
terrain-correction method should recover the target anomaly (Fig. 5B) from the
hypothetical original data (Fig. 5¢). Using an initial magnetization of
1.2 x 1073 emu/cc (1.2 A/m) and a correlation threshold of 0.2, terrain-
corrected residuals were calculated using windows with 9 grid points (Figure
5D), 13 grid points (Figure 5E), and 17 grid points (Figure 5F). These
figures display the window size by a dashed box in the lower right corner.
The residual from the 9-point window (Figure 5D) has been significantly
overcorrected for terrain at A, D, and F, probably because the small window
could not determine the characteristic shape of terrain anomalies in these
places. A larger window improves this problem, but the largest, 17-point
window residual begins to deteriorate at B and C, where the large window size
can not discriminate individual characteristic anomaly shapes. The 13-point
window has optimum size for distinguishing the shapes that are characteristic
of the terrain effects of this area.

Effect of Initial Magnetization

A first choice of initial magnetization can be made by inspection of the
original aeromagnetic anomaly data and knowledge of the dominant rock type at
the surface. If remanent magnetization in the surface rocks is expected to be
negligible, the parameter xJmin may be set to zero. After the first run of
the terrain-correction procedure using this initial magnetization, inspection
of the variable-magnetization histogram may suggest a better value for the
initial magnetization. If the grid points assigned to Jo all plot outside the
frequency distribution of the calculated least-square magnetizations, the
initial magnetization may not fairly represent the most common characteristic
magnetization of topography. An initial magnetization taken from the mode of
the magnetization histogram may be a more useful choice. If certain areas of
magnetization are already known with relative certainty, use the jxfile
parameter.

Using the 13-point window again, the 1initial magnetization . alone was
varied for the hypothetical example of Figure 5C. Terrain-corrected residuals
were calculated for initial magnetizations of 0.01 x 10”3 emu/cc-(Figure 6A)
1.2 x 1073 emc/cc (Figure 5E), 2.5 x 10~3 emu/cc (Figure 6B), and 3.5 x 10~
emi/cc (Figure 6C). Evidently, initial magnetization is not a critical factor
at the correlation threshold of 0.2; the slight distortion at A, B, and D is
similar for all residuals. The 0.01 x 10~3 emu/cc residual is somewhat

14
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FIG. 5A —- Magnetic field of digital terrain using a hypothetical distribution
of magnetization (hypothetical terrain effects). Contour
interval = 50 nanoTeslas.

l
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FIG. 5B —- Target anomaly having both long- and short-wavelength components.
Contour interval = 50 nanoTeslas. Letters are referred to in text.
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FIG. 5C -- Hypothetical original field created by adding the target anomaly of

Figure 5B to the terrain effects

a best-fit magnetization. Co

of Figure 5A. The box in the

tour interval = 50 nanoTeslas.

lower left corner encloses the ar}? of data that were used to give

Letters are referred to in text.
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FIG. 5D —— Residual after terrain correction using a window with 9 grid points
on a side (2 km x 2 km). Dashed box in lower right corner depicts
window size. Correlation threshold = 0.2, initial magnetization
= 1.2 x 103 emu/cc. Contour interval = 50 nanoTeslas. Letters
are referred to in text.
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FIG. 5E —- Residual after terrain correction |using a window with 13 grid
points on a side (3 km x 3 km). Dashed box in lower right corner

depicts window size. Correlation threshold = 0.2,

magnetization = 1.2 x 1073  emu/cc. Contour interval = 50

nanoTeslas. Letters are referred to in text.
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FIG. 5F — Residual after terrain correction using a window with 17 points on
a side (4 km x 4 kn). Dashed box in lower right corner depicts
window size. Correlation threshold = 0.2, initial magnetization
= 1.2 x 1073 emu/cc. Contour interval = 50 nanoTeslas. Letters
are referred to in text.
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FIG. 6A -- Residual after terrain correction using a low initial magnetization
of 0.01 x 107 emu/cc. Window size = 13 grid points, correlation
threshold = 0.2. Contour interval = 50 nanoTeslas. Letters are
referred to in text.
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FIG. 6B —- Residual after terrain correction using an initial magnetization of

2.5 x 1073 emu/cc, the best-fit magnetization found in Figure 5C.
Window size = 13 grid points, correlation threshold = 0.2. Contour
interval = 50 nanoTeslas. Letters are referred to in text.
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FIG. 6C —- Residual after terrain _correction using a large {initial
magnetization of 3.5 x 10-3 emu/cc. Window size = 13 grid points,
correlation threshold = 0.2. ntour interval = 50 nanoTeslas.
Letters are referred to in text.
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improved compared to the others at C, but is worse at E. The 3.5 x 10~3
emu/cc residual 1is worse than the others at F, but elsewhere is
not significantly worse. The residuals using 1.2 x 10~3 emc/cc (the average
magnetization of those used for this hypothetical case) and 2.5 x 10-3 emu/cc
(the best-fit magnetization found by comparing terrain to the data in the box
on Figure 5C) are very similar, suggesting that acceptable initial
magnetizations can be found either by outcrop measurement or by least-squares
fitting.

"Effect of Correlation Threshold

The correlation threshold is best chosen after close inspection of the
first terrain-corrected residual to find areas of overcorrection or
overemphasis. This inspection involves comparison of the synthetic terrain
effects with the original anomaly data. For study areas that show many good
correlations between target sources and topography, a high threshold (0.4 to
0.6) is recommended, although a good choice of J, then becomes important. If
the correlated areas are fairly well isolated, a moderate threshold (.2 to .4)
may be used in conjunction with later editing in those specific areas of the
final magnetization grid.

Using an 1initial magnetization of 1.2 x 103 emu/cc again, the
correlation threshold alone was varied for the hypothetical example. Terrain-
corrected residuals were calculated for a correlation threshold of 0.05
(Figure 7A), 0.2 (Figure 5E), and 0.5 (Figure 7B), and should be compared to
Figure 5B. One expects that the higher the correlation threshold, the more
grid points are assigned to the initial magnetization, allowing for more error
where the initial magnetization is not representative. For a low correlation
threshold, more grid points will be assigned using equation 8, allowing for
more error where terrain effects correlate with target anomalies.

These expectations are borne out by the examples. The 0.02-threshold
residual (Figure 7A) has been over-corrected at E and F, due to correlations
there. Most values of magnetization in the 0.5-threshold residual (Figure 7B)
are assigned to the initial magnetization. Note, however, that near A, where
the initial magnetization is quite inaccurate, the method can remove most of
the terrain effects in spite of the high correlation threshold.

Variation of the correlation threshold and initial magnetization are thus
interrelated. The higher the correlation threshold, the more significant the
choice of initial magnetization becomes. If a certain magnetization is known
to adequately represent a large part of the study area, a large correlation
threshold is desirable in order to limit the method's tendency to overcorrect
for terrain due to correlation.

After any run of the method, the results should be closely inspected

using subjective geologic and geophysical judgment. Normally some final
editing will be required.
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FIG. 7A -— Residual after terrain correction using a correlation threshold of
0.02. Window size = 13 grid points, initial magnetization = 1.2 x
1073 emu/cc. Contour interval] = 50 nanoTeslas. Letters are
referred to in text.
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FIG. 7B —- Residual after terrain correction using a correlation threshold of
points, initial magnetization

0.5. Window size = 13 grid
= 1,2 x 10"3 emu/cc. Contour interval = 50 nanoTeslas.

are referred to in text.

Letters
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APPENDIX A - USGS Standard Grid File

The USGS standard grid file accomodates a variety of ways to specify a

binary grid of data, but is standardly used within the Geophysics Branch in

the following less general form.

Header Record

id
pgm
ncol
nrow
nz
x0
dx
y0

dy

Data Records

56 ASCII characters of identification (14 words).

8 ASCII characters describing creation program (2 words).
number of columns of data (integer, one word).

number of rows of data (integer, one word).

not used, must be 1.

position of first (leftmost) column of data (real, one word).
the interval of equal spacing between columns (real, one wdrd).
position of first (lowermost) row of data (real, one word).

the interval of equal spacing between rows (real, one word).

Each unformatted data record contains one row of the grid (preceded by

one real dummy value), moving from left to right along the row, and moving

from bottom row to top row as illustrated below.

10
}dy

e ’
6

2 -

2 ¢ N

€ 2 Reading

1234 ~ 188101131415 5th row -

(xo0,yo0) dx
ncol = 1§
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" Enter output command f£ile name

‘dfactor
Name of input synthetic terrain effects

APPENDIX B - Example Runs of VARMAG

|
Example ¥ 1

$ r varmag

Function ¢

synth,.grd

Function :

mean

Name of grid from which to remove mean
original.grd

Enter output file name

orig.grd

Mean of -0,8783438 removed,

Function ¢

output

Want to output file of damping factors?
b4

Enter output damp,
damp,.grd

factors flle

Function :
corr
Enter input command file name (optional)

Constant initial mag or grid (c or g)?
c

Enter constant init, magnetiztn (emu/ce)

1.2e=03

Enter nwind in no. of grid pts (max=21,
13

Enter correl. threshold (0<thresh<=t)
o2

Enter name of original aeromag anomaly
orig.ard
Enter output variable=magnetization fil

varmag.qgrd

(car ret to exit):

Qﬁ eudale
Adampi
Coetond

file:

emodé
YNLan
£rom or[gfnw@
data

M{Wd' (Qa\le)
danqﬁﬂﬁ 4icﬁws

*erraLA-Coi(ec*iow
CYOCC&JLTQ) no
command. £'le

ust be odd)

rid

name

Enter title for output magnetization file (car ret for default)

Thinking...

Function 3
save

varmag,cud

29
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Evample ¥ continued

Function : C.H areas aveund

plug ) .
Enter name of file to be plugged JNooundaries with
varmag.ord CX*hpohxh& data
Enter output name for plugged magnetization file:

varmagp.grd

no. of min. curvature iterations to use (normally 20):
20

Function :
change

1, Initial mag (xJO or jofile) Change  Covielation
2. Window length (nwind) “Hhresheld
3, Correl, threshold (thresh) paramete r

4, Min/max magnetiztn allowed (xJmin, xJmax)
S. Return to function level
Enter number of parameter to change
3
Enter correl. threshold (0<thresh<=1)
.5
1. Initial mag (xJO or jOfile)
2., Window length (nwind)
3, Correl, thresnold (thresh)
4, Min/max magnetiztn allowed (xJmin, xJmax)
5. Return to function level
Enter number of parameter to change ¢
)
Function @ vun termain-correchm
corr Procedurc. with new
Enter input command file name (optional) corcelabion +kmshok!

Enter output variable-magnetjzation file name
varmag2.grd
Enter title for output magnetization file (car ret for default)

Thinking,..

Function ¢

plug

Enter name of file to be plugged £l areas aGround
varmag2,g9rd . .
Enter output name for plugged magnetization file: \soundaries usith
varmaa2p.grd ~(x\rapo\a}e& data

no, of min, curvature iterations to use (normally 20):
20

Function :

exit
FORTRAN STOP

30



Example 3

varmag. cmd  ~ command Gle created duriag Example *1
sparms
mtfile-'synth.qrd ‘Y
mfile=‘orig.grd °,

nwind=13,thresh= 0,20,xJmin=<0,1000000E+39,xJmax= 0, 1000OOOE+39
xJ0= 0, 1200000E -02,
S

$§ r varmag

Function : ;n(“_ d&w%)§5 Lachove
{nput Yhat were Saved
Enter damping factors file name ; Lle (

damp.grd befoce )

Function : ,

corr ' 4y
‘84 —cot(ecTion

Enter input command file name (optionah) fun  ferrain-co

varmag,cmd Procedxuz using

Enter output variable-magnetization file name command  &'le

varmag.grd

Enter title for output magnetization file (car ret for default)

Thinking,...

no
Wwant to output damped correl coefs fro
Y
Enter output damp, correl coef file
dampcorr.grd

last correction?
output damped
corcelatNon coefbicients
Hoad were cal culated

[::l;:tion : &u(.‘y\ﬂ Yeveain Covrechon
Enter name of file to be trimmed . .
varmag.grd [ALAN Of( boundavies
Enter name of output trimmed file have ne dodta
varmagt,.yrd *

Function ¢
output
Want to output file of damping factors

!
|
|

Z:g:tion : Vo\vmagt grd & (Eadj 4o be calculated
FORTRAN STOP ordh terr n \u( 'H'\Qoy(ehchﬁ -(erram

fGEc*S (4 1‘erram Correction) .
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